Background: Adolescent substance abuse is a serious problem for which effective interventions are needed. To conduct trials of new therapies, investigators need reliable means of identifying potential participants and of measuring outcomes. The objective of this study was to determine the 1-week test-retest reliability of the CRAFFT screening test and of the timeline follow-back (TLFB) calendar method for measuring alcohol, cannabis, and other drug use.
S
UBSTANCE USE BY adolescents is a major public health problem in the United States. According to the 2002 Monitoring the Future Study, 80% of teens have consumed alcohol (more than a few sips) and 49% have used marijuana by the end of high school. More than half (54%) of students have used an illicit drug before finishing high school, up from a nadir of 41% in 1992 (Johnston et al., 2002) . Alcohol and drug use are associated with the leading causes of death among American teens-unintentional injury, including motor vehicle crashes, homicides, and suicides (Kann et al., 2000) -as well as an increased risk of substance abuse and dependence in adulthood (Weinberg et al., 1998) . Resources for assessing and treating adolescents with drug problems are limited, and evidence-based strategies for screening and intervention in primary care settings present obvious advantages. Researchers who aim to test new therapies and clinicians who provide direct patient care must have reliable screens to identify teens in need of treatment and reliable outcome measures to track their progress. The CRAFFT test and the timeline follow-back (TLFB) calendar are brief and easy-to-administer tools that are appropriate for the primary care setting.
Screens and measures should be both valid and reliable to be useful for either clinical or research purposes. Testretest reliability is an indicator of temporal stability of a measurement and is particularly important for measures of substance use that will be used for comparing preintervention and postintervention observations. A measurement has good test-retest reliability if it yields the same results when used to assess the same individual at different times. It is usually measured over brief windows of time (e.g., 1 week), when behavior such as alcohol or drug use is unlikely to have undergone substantial change.
The CRAFFT questions are a six-item screen designed to identify adolescents who are at high risk for problem substance use (American Academy of Pediatrics, 1996) , abuse, or dependence (American Psychiatric Association, 1994) . CRAFFT is an acronym of the first letters of key words in the test's six questions: "Have you ever ridden in a CAR driven by someone (including yourself) who was 'high' or had been using alcohol or drugs?" "Do you ever use alcohol or drugs to RELAX, feel better about yourself, or fit in?" "Do you ever use alcohol or drugs while you are by yourself, ALONE?" "Do you ever FORGET things you did while using alcohol or drugs?" "Do your family or FRIENDS ever tell you that you should cut down on your drinking or drug use?" and "Have you ever gotten into TROUBLE while you were using alcohol or drugs?" A previous study found that the interview-administered CRAFFT has good criterion validity for identifying teens with substance-related disorders (Knight et al., 2002 ). Another study also found that the CRAFFT screen had acceptable internal consistency (Knight et al., 1999) . However, test-retest reliability of the CRAFFT has not previously been reported. The TLFB calendar is a method of recording the frequency and amounts of alcohol and drug use among adolescents. The TLFB is a semistructured interview that uses a calendar, with memory triggers to prompt recall of alcohol use (Sobell and Sobell, 1992) . It is relatively short and simple to administer and has been used as an outcome measure in many published studies with adults (Martin et al., 1996; Mason et al., 1996; Potgieter et al., 1999; Staines et al., 2001; Stein et al., 2002; Wennberg et al., 2000; Wynn, 2000) and adolescents (Deas et al., 2000; Godley et al., 2002) . have demonstrated the test-retest reliability of the TLFB among Swedish-, Spanish-, and English-speaking adult alcohol abusers. Waldron et al. (2001) assessed the validity of the TLFB in an adolescent treatment sample and found good convergent validity for marijuana use with other measures, including collateral reports from siblings and parents and urine testing. However, the test-retest reliability of the TLFB has not previously been determined among adolescents seen in primary care settings who may be at risk for substance-related problems. As brief interventions for adolescent substance abuse are introduced into primary care, it is important to establish that teens in these settings give reliable alcohol and drug use information. The purpose of this study was to assess the 1-week test-retest reliability of the CRAFFT and 90-day TLFB calendar method for alcohol, cannabis, and other drug use among adolescent medical clinic patients.
METHOD
This study was conducted as part of a larger investigation of the association between adolescents' substance use and spirituality; this investigation recruited a convenience sample (n ϭ 305) of 12-to 18-year-old patients arriving for routine care between May 1, 2001, and April 30, 2002 , at three primarycare adolescent medical clinics in Boston, MA. Participating sites included the Adolescent/Young Adult Medical Practice at Children's Hospital Boston, the Adolescent Clinic at the Floating Hospital for Children at Tufts-New England Medical Center, and the Adolescent Clinic at the Martha Eliot Health Center. These clinics serve both inner-city and suburban youth from a wide range of social strata, racial groups, and ethnic backgrounds.
Participants
Before clinic sessions began, study personnel reviewed the birth dates of all scheduled patients and placed a study recruitment form on the chart cover of each age-eligible patient. A research assistant who was not involved in patient care invited patients to participate while in the waiting room (Floating Hospital for Children and Martha Eliot Health Center), or the medical care provider invited patients to participate at the conclusion of the medical visit (Children's Hospital Boston). The research assistant met with all interested patients to explain the study procedures and obtain parental consent for adolescents less than 18 years old, either in person or by telephone, as well as signed adolescent assent. Adolescents were told that the purpose of the study was to assess the relationship between alcohol/drug use, spirituality, and health beliefs and that their answers would be kept confidential. However, they were informed that the research team would notify their health-care provider if a serious problem were identified so that appropriate care could be arranged. The Committee on Clinical Investigations at Children's Hospital Boston and the Human Investigations Review Committee at Tufts-New England Medical Center (institutional review boards) approved the study protocol. Patients who were unable to read and understand English (n ϭ 14) were excluded, as were those with medical or psychiatric problems that precluded participation in research on the day of the clinic visit (n ϭ 18). Adolescents whose parents could not be reached to provide consent were also not allowed to participate (n ϭ 16).
Procedure
Participants completed an assessment battery that included eight items recording demographic information; the six-item CRAFFT substance use screening test (Knight et al., 2002) ; a 90-day Alcohol TLFB (Sobell and Sobell, 1995) ; and nine other scales measuring substance abuse risk factors, spirituality, and other variables that were used for the larger study. A research assistant asked for demographic information and orally administered the CRAFFT questions. The CRAFFT questions were administered in two ways: first screening for lifetime (e.g., "Have you ever. . .") risks and problems and second screening for past-12-months ("During the past year, have you. . .") risks and problems.
The research assistant also conducted the 90-day TLFB interview and recorded participants' responses on the record form. The TLFB was modified to separately record the frequency and amount of (1) alcohol, (2) cannabis, and (3) other drug use. In an attempt to quantify marijuana consumption, we asked a subgroup of participants (n ϭ 17; age range, 13-18 years; 70% female; 41% white non-Hispanic; 29% black nonHispanic; 24% Hispanic; 6% other) to estimate the number of "hits" or "puffs" in a marijuana "joint" before the TLFB was administered. The average estimated number of hits per joint was 9.9 Ϯ 3.6 (range, 2-18). On the basis of these data, we instructed participants to report the number of hits of marijuana per occasion, and, for the purposes of this study, we defined 10 hits as 1 joint. We asked teens the number of hits consumed per occasion rather than the number of joints, blunts, bowls, or pipes to reduce the ambiguity regarding the various forms and to better account for the actual quantity consumed among adolescents who report shared use. However, given the varying potency of marijuana and the difference in size among hand-rolled joints, this measurement is a rough estimate of the actual quantity consumed.
Participants who were available to return in 1 week (n ϭ 143) were given an appointment for the retest. The research associate asked for permission to telephone each retest participant the day before this appointment as a reminder. We assigned each participant a unique numerical identification number so that we could link test and retest data entries while protecting confidentiality. Our analytical sample consisted of the 93 participants who completed the retest (the completion rate was 65% of teens who scheduled a return appointment). When participants arrived for the retest, the CRAFFT and TLFB were administered in identical fashion to that of the initial test. After completing each assessment battery, the participant received a $25 merchandise certificate as compensation for his or her time.
Data Analysis
All numerical data were independently entered twice into a data management program based on Access 97® (Microsoft, Redmond, WA). The dual-entry files were compared, and discrepancies were reconciled by checking the original data source. Text variables were independently coded by at least two investigators, and disagreements were resolved by a senior investigator (JRK). The cleaned dataset was then imported into SPSS version 11.0® (SPSS Inc., Chicago, IL) for analysis. Frequencies and descriptive statistics were computed for all continuous variables at time 1 and time 2. TLFB data were used to calculate past-90-days, past-60-days, and past-30-days drinking days and cannabis days, as well as mean drinks per occasion and mean joints per occasion. TLFB data were then combined to calculate past-90-days, past-60-days, and past-30-days alcohol-or marijuana-using days. The intraclass correlation coefficients (ICCs) were compared statistically to identify significant differences by age, gender, and time interval (McGraw and Wong, 1996) .
The coefficients were calculated for individual CRAFFT items for both the lifetime and past-year versions. The ICCs and 95% confidence intervals were calculated for the CRAFFT total score and for all TLFB use measures. Because the data were highly skewed, we also computed the nonparametric Spearman to assess the correlation between ranked time 1 and time 2 data and used the Wilcoxon signed rank test to compare the distributions of time 1 and time 2 data. There was little difference in the results, and thus we have reported only ICCs. Test-retest reliability was measured separately for drinking days, drinks per occasion, cannabis days, joints per occasion, and total joints. The ICC was also computed separately for past-30-day, past-60-day, and past-90-day intervals. To avoid artificially inflating reliability measures by including participants who reported no use at both time points, we computed the ICCs for alcohol variables among participants who had used alcohol in the past 90 days (n ϭ 35) and the ICCs for cannabis variables among participants who reported cannabis use in the past 90 days (n ϭ 9). Age was dichotomized at the median to preserve adequate cell size for stratified analyses.
RESULTS
Characteristics of the study sample are presented in Table 1 . Seventy-two percent of the teens in our sample were female. Males in this sample were significantly more likely (65 vs. 36%; p Ͻ 0.05) to report alcohol use in the past year than females. Compared with younger adolescents, older adolescents were significantly more likely (p Ͻ 0.01) to report both past-year alcohol use (64 vs. 28%) and past-year marijuana use (36 vs. 8%). There were no significant differences in alcohol or cannabis use based on the number of parents in the home or by clinic site. Eleven percent of participants described themselves as white nonHispanic, 24% as black non-Hispanic, 40% as Hispanic, 13% as Asian, and 11% as other. Race/ethnicity subgroups were too small for meaningful analyses.
Teens who scheduled a retest but did not keep their 1-week follow-up appointment (n ϭ 50) did not differ significantly from completers by gender, race/ethnicity, socioeconomic status, alcohol/drug use variables, or CRAFFT score. However, the group of completers had a significantly higher proportion of younger adolescents (55 vs. 48%; p ϭ 0.02). Teens who declined a return appointment (n ϭ 162) did not differ from completers by age, gender, race/ethnicity, socioeconomic status, alcohol/drug variables, or CRAFFT score as compared with the group of teens who completed the retest.
The coefficients for individual CRAFFT items were high for both the lifetime CRAFFT (range, 0.71-0.86) and the past-year CRAFFT (range, 0.66 -1.0), with the exception of the FORGET question (0.31 and 0.49 for lifetime and past year, respectively). Descriptive statistics and ICCs for time 1 and time 2 lifetime and past-12-month CRAFFT total scores, stratified by gender and age, are presented in Table 2 .
The ICC was high for both the lifetime and past-year CRAFFT total score. However, because the CRAFFT score distributions were positively skewed and nonparametric, the Wilcoxon signed rank test was performed, and we found that scores were significantly lower (p Ͻ 0.01) at time 2 compared with time 1 on the lifetime CRAFFT test for all retest participants, females, and both younger and older adolescents. No such differences between time 1 and time 2 were found on the past-year CRAFFT test. The ICC tended to be lower among younger adolescents than older adolescents on the past-year CRAFFT (p ϭ 0.05). The mean, range, and ICC for number of drinking days, drinks per occasion, total drinks, cannabis days, joints per occasion, and total joints as recorded on the TLFB are presented in Table 3 . Results are stratified by gender and age for the 90-day calendar. We also computed ICCs for alcohol variables by using data from teens who reported alcohol use within the past 90 days and for cannabis variables with data from teens who reported cannabis use within the past 90 days. ICCs are also separately presented for past-60-day and past-30-day intervals for the entire sample. The ICCs for gender and age subgroups did not differ substantially.
These data are highly skewed and contain a great deal of variability. The total number of drinks during the past 90 days ranged from 0 to 39, and the number of joints ranged from 0 to 125. The ICC was generally high for all use measures, indicating high 1-week test-retest reliability. The ICC was significantly higher for total joints compared with either cannabis days or joints per occasion (0.01 Ͻ p Ͻ 0.05), although the total-joints measure is a simple product of the other two. The ICC was high and did not differ significantly when measured for past-30-day, past-60-day, and past-90-day intervals.
DISCUSSION
This study shows that the CRAFFT has high test-retest reliability at 1 week for screening adolescent medical patients for substance use, and the TLFB calendar also has high test-retest reliability for measuring drinking days, drinks per occasion, cannabis-using days, and joints per occasion in medical patients. We can therefore recommend the TLFB as a practical and reliable means for quantifying drug and alcohol consumption with adolescents in general medical settings. Individual CRAFFT questions had high test-retest reliability, with the single exception of the FORGET question. However, the prevalence of positive responses to the FORGET item in our sample of 93 (1.2%) was unexpectedly lower than the parent study sample of 305 (10%), resulting in wide confidence intervals. Therefore, this finding should be viewed cautiously. Test-retest reliability of the total CRAFFT score was high, regardless of the version used. However, the CRAFFT total score was significantly lower at the 1-week retest compared with the initial test on the lifetime version only. This finding was more striking among female participants and suggests that some adolescents may change their responses over time, minimizing the seriousness of lifetime risks and problems associated with alcohol and drug use. The total score of the past-year CRAFFT was not significantly lower at retest. We therefore recommend that clinicians preface the CRAFFT questions with "in the past year" when performing office screenings. This past-12-month version of the test has high testretest reliability, regardless of age or gender, and will inform the clinician of substance use risks and problems that have occurred since the last annual health maintenance visit. Using the past-year qualifier may also result in fewer false-positive screens.
The 90-day TLFB calendar method provides reliable frequency-of-use data for alcohol and cannabis for a 30-day, 60-day, or 90-day measurement interval. Cannabis volume has not often been reported because of the difficulty of standardizing consumption measures between individuals, and we recognize that a "marijuana joint" is not a standard unit because size and purity vary. Therefore, our measures of cannabis consumption are rough estimates, and further study is needed regarding the standardization of cannabis quantity units. We found, however, that the product of frequency and volume per occasion gave a more reliable measure than either of the two simple measures, and this difference reached statistical significance for cannabis, although because of the small number of younger adolescents who reported cannabis use, more study is required to make firm conclusions regarding this group. The "total consumption" measure provides more information than simple frequencies and does not require standardization between individuals. These findings suggest that researchers using the TLFB should consider using a total measure as at least one of their key outcome variables.
Our finding of overall high reliability of adolescents' selfreport of substance use is consistent with previous studies, although most other studies have examined reliability in adolescent substance abuse treatment samples and not in primary care settings. Martin et al. (1998) used a tool called the Drug Use History Form to collect data from a group of adolescents and young adults entering a drug treatment program upon program entry and again 2 to 4 weeks later. They found that test-retest reliability of the number of days of use was high for alcohol and marijuana for up to 90 days.
In another study, Brown et al. (1998) tested the psychometric properties of the Customary Drinking and Drug Use Record. This instrument has four separate scales (substance use, negative consequences, withdrawal, and psychological/ behavioral dependence) that assess a teen's overall involvement with drugs. A group of adolescents entering treatment programs and controls selected by posting advertisements in the community were tested with the Customary Drinking and Drug Use Record at baseline and 1 week later. The authors reported high test-retest reliability for the substance use scale. Knight et al. (2000 Knight et al. ( , 2001 have assessed the test-retest reliability of adolescent substance abuse screening tests, including the Problem Oriented Screening Instrument for Teenagers, the Simple Screening Instrument for Alcohol and Other Drugs, and the CAGE test, adapted for adolescents (CAGE-AA). They reported that the Problem Oriented Screening Instrument for Teenagers and Simple Screening Instrument for Alcohol and Other Drugs had high test-retest reliability but that the CAGE-AA had poor internal consistency with some groups and needed further revision.
Our study assessed the reliability of two brief yet rigorous tools used to assess substance use and associated problems. The CRAFFT and the TLFB are brief and easy to administer in a primary care setting, making them well suited for clinical practice and research. The CRAFFT has been previously validated with adolescent primary care patients (Knight et al., 2002) , and the TLFB has been validated with adolescents in substance abuse treatment settings (Waldron et al., 2001 ), but no one has yet demonstrated the test-retest reliability of either of these tools with adolescents in a general medical clinic. However, a number of limitations of this study should also be noted. Our sample was drawn from large, urban clinic populations. It is therefore unknown whether our findings can be generalized to rural or suburban populations. We also used a convenience sample, which may not have been representative of clinic populations at large. Our study sample was diverse in age, gender, and race/ethnicity. Compared with the National Survey on Drug Use and Health (Substance Abuse and Mental Health Services Administration, 2002), similar percentages of adolescents in our sample reported past-year cannabis use, and thus we believe that our sample is representative of the general population.
A second limitation is the small sample size, which limited the power of some comparisons. Because of the small number of patients who used drugs other than alcohol and cannabis, we were not able to make firm conclusions regarding the reliability of the TLFB for other drugs. More study would be required to establish the reliability in this regard. We were also unable to make comparisons based on race/ethnicity or clinic site because of sample size limitations. Self-selection bias is a potential limitation of this study because only 47% of teens who participated in the parent study agreed to schedule a 1-week follow-up visit, and 65% of those who scheduled a second appointment returned for retest. However, we obtained assent and parental consent, asked the CRAFFT questions, and completed a TLFB interview at the time of the initial visit from all 305 participants in the parent study. Therefore, we believe that most teens that declined a follow-up appointment did so because of logistical or scheduling reasons rather than a systematic difference between the groups. Our analysis found that the group of teens who declined a second appointment did not differ from the group of teens who agreed to take the retest by any of the demographic or drug/ alcohol variables that we measured. The group of teens who scheduled a 1-week appointment but did not complete the retest contained more older teens than the group of completers. This may be because parents were more likely to help organize doctor appointments for younger teens and ensure their compliance.
We conclude that the CRAFFT questions have good test-retest reliability for identifying youths with substancerelated problems and disorders. We recommend that the screening questions be qualified with the statement "in the past year" when used at health maintenance visits. We also conclude that the TLFB calendar method is a reliable way to quantify alcohol and cannabis use among adolescents in primary care clinic settings. It can be used confidently to assess past-30-day, past-60-day, or past-90-day intervals. Further study is also needed, with a larger sample size, on the reliability of measures for drugs other than cannabis and among demographic subgroups.
